To elucidate the physiological roles of endothelin-1 (ET-1) and endothelin-2 (ET-2)/vasoactive intestinal contractor (VIC) in gastric injury of mice, we measured the gene expression rates of ET-1 and ET-2/VIC in gastric injury induced by ethanol in young (8 weeks) and old ( 33 weeks) mice. Mice that were fasted for 24 h were injected with absolute ethanol intragastrically and killed after 1 or 4 h of ethanol exposure. The size of the gastric lesions increased gradually after ethanol exposure and was at its greatest after 4 h, in both young and old mice. The gene expression of ET-1 tended to increase after 1 h and to decrease by 4 h of ethanol exposure in both young and old mice. However, the gene expression of ET-2/VIC in young mice increased significantly after 1 and 4 h of ethanol exposure, whereas the gene expression of ET-2/VIC in the old mice did not change after ethanol exposure. Based on these results, we conclude that aging influences the gene expression of ET-2/VIC but not lesion size or gene expression of ET-1 in ethanol-induced gastric injury in the mouse. We therefore suggest that regulation of gene expression of these two genes differs during the course of aging.
INTRODUCTION
It has been reported that endothelins (ETs) play a role in mucosal injury. The amount of ET-1 peptide and endothelin-converting enzyme-1 activity increase with mucosal injury [1] [2] [3] . In addition, ET-3 increases the degree of HCl-induced mucosal injury [4] . Furthermore, Key words : aging, endothelin, gastric injury, vasoactive intestinal contractor.
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the effect of ET-1 is more toxic than the effect of ET-3 in ethanol-induced mucosal injury [5] . Despite the fact that vasoactive intestinal contractor (VIC) has been found to be a member of the ET family [6] [7] [8] [9] , changes in the expression of ET-2\VIC in mucosal injury have not been studied.
Aging increases (i) the amount of ET-1 peptide in hepatic stellate cells [10] , (ii) the level of ET gene expression in the aorta, renal artery and carotid artery [11] [12] [13] , (iii) the degree of endothelin-converting enzyme activity in arteries [14] and (iv) the concentration of circulating ET-1 [14] . However, the relationship between aging and ET-2\VIC gene expression has not been reported.
To understand the pathophysiological roles of ET-2\VIC in the gastric injury of mature mice, we measured the gene expression rates of ET-1 and ET-2\VIC in a model of gastric injury induced by ethanol administration in young (8 weeks) and old ( 33 weeks) mice.
METHODS

Animals
Male ICR mice were obtained from Nippon Clea (Tokyo, Japan). Young (8-week-old) and old ( 33-week-old) mice that had been fasted for 24 h were injected with absolute ethanol (200 µl) intragastrically and were killed after 1 or 4 h of ethanol exposure. Each of the three groups, the untreated, the sham-injected, and the experimental group, consisted of four mice. Stomachs were removed to evaluate ethanol-induced gastric lesions and to obtain total RNA. Our experimental procedures were in accordance with the Guidelines on Handling of Laboratory Animals for our institution.
Gastric lesions
The excised stomach was opened along the greater curvature, washed with ice-cold PBS, and spread on filter paper. Images of the stomachs spread on the filter paper were made with a computer and scanner. The area of the gastric lesion was analysed on the basis of density using National Institutes of Health image software.
Real-time PCR
The methods used have been described previously [15] . Total RNAs were prepared from stomach using Isogen solution (Nippon Gene, Toyama City, Japan). The samples for real-time PCR were obtained by reverse transcription of total RNAs. Amplification was carried out using the TaqMan PCR kit (PE Applied Biosystems, Foster City, CA, U.S.A.). Oligonucleotide primers and probes were made for the detection of specific amplification of the mRNAs of preproET-1, preproVIC\ ET-2 and glyceraldehyde-3-phosphate dehydrogenase (GAPDH). The PCR conditions were 95 mC for 10 min followed by 50 cycles of denaturation at 95 mC for 20 s, annealing at 62 mC for 2 min and extension at 72 mC for 30 s. The gene expression rate was obtained by normalizing the amount of ET-1 or VIC\ET-2 cDNA with that of GAPDH using the following formula :
Expression (%) l [Amount of ET-1 cDNA in a sample\ amount of GAPDH cDNA in a sample]i100
Statistical analysis
Mean values were analysed by Student's t test or one-way analysis of variance followed by Bonferroni's multiple range test. Figure 1 shows the effect of aging on the size of the lesion induced by ethanol. The area of lesion gradually increased after ethanol exposure and reached a maximum after 4 h in both young and old mice. However, there was no significant difference in lesion size between young mice and old mice. Figures 2(A) and 2(B) show the effect of aging on the gene expression rate of ET-1 and ET-2\VIC in ethanolinduced gastric mucosal injury. The gene expression rate of ET-1 tended to increase after 1 h and to decrease after 4 h of ethanol exposure in both young and old mice. The expression levels were not significantly different between the two age groups (Figure 2A ). On the other hand, the gene expression rate of ET-2\VIC in young mice increased significantly (P 0.05) after 1 and 4 h of ethanol exposure ( Figure 2B ). However, the gene expression rate of ET-2\VIC in old mice did not change after 1 or 4 h of ethanol exposure ( Figure 2B ). 
RESULTS
DISCUSSION
Although the gene expression rate of ET-1 tended to increase in both young and old mice after gastric injury caused by ethanol exposure, these increases were not statistically significant. This result differs from the findings of earlier reports in which ET-1 levels were found to be significantly elevated in mucosal injury [1, 3] . One reason for this difference could be the distinction between the regulation of gene expression and the conversion of big ET-1 to produce ET-1. Another reason could be the different feeding conditions of the mice. We used the 24-h fasted mice in this study, having observed that fasting influences the gene expression rate of ET-1 in the gastrointestinal tract (T. Kozakai and K. Saida, unpublished work). Aging did not influence the gene expression rates of ET-1 in ethanol-induced mucosal injury under our experimental conditions. On the other hand, the gene expression rate of ET-2\VIC in young mice increased significantly after 1 and 4 h of ethanol exposure. This finding suggests that ET-2\VIC is involved in ethanol-induced mucosal injury. It was reported that lesion size in mucosal injury was decreased by the prior addition of anti-ET antibody [3, 4] or an ET receptor-antagonist [16] . ET-2\VIC may play a role in mediating gastric mucosal injury in young mice.
Gene expression of ET-2\VIC in old mice did not change after ethanol exposure. The mean value of ET-2\VIC gene expression rate in untreated mice has a large margin of error. The variability of ET-2\VIC gene expression in normal, old mice may be due to the feeding condition. We need to carry out additional experiments to understand more clearly the reason for variation of gene expression of ET-2\VIC in old mice.
In conclusion, aging influenced the gene expression of ET-2\VIC but not that of ET-1 in the ethanol-induced gastric injury of mice.
